Abstract. This paper studies the coupling coordination degree between higher education and economic growth of Heilongjiang Province in the past 15 years, using the coupling coordination degree analysis method in ecology. Results show that there is a high coupling coordination state between higher education and economic growth of Heilongjiang Province, both of which adapt to each other and promote each other. Between them, the development level of economic growth is slightly ahead of higher education. Therefore, we need to accelerate the development of higher education in order to better fit economic development.
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Introduction
The development of higher education plays an important role in the economic growth. On the one hand, regional economic growth rate and mode are decided by scientific and technological innovation ability, which is restricted by the progress of higher education. On the other hand, the development of higher education calls for a large quantity of human resources, fund resources, and goods resources, etc. The investment of these resources is decided by the economic growth level. Thus, higher education is closely related to economic growth. Scholars have reached unified social consensus on how to ensure the coordination development between higher education and economy.
Since the 1960s, when Schultz and Denison proposed human capital theory, research on interactive relationship between higher education and economic growth has attracted more and more attention from different scholars and experts. Bluestone believed higher education would affect skilled workers' technical level, which would influence the regional economic level [1] . Pan Mao-yuan pointed out that popularization of higher education would gradually become a hot topic and the necessary path for the economic growth [2] . Zou Yang and Li Lin analyzed the relationship between higher education and regional economic growth, and then put forward the bidirectional interaction between them [3] . Mao Sheng-yong measured the correlation coefficient between higher education and regional economic growth level using factor analysis method according to cross-sectional data of 31 provinces in China in 2006 [4] . Ma Peng-yuan and Mi Hong explored the rule between higher education scale and economic growth from scale and spatial distribution perspectives, based on the actual situation since the enrollment expansion in China [5] . Zhu Ying-chun, Zhou Zhi-gang, and Wang Da-peng estimated the contribution of higher education to regional economic growth, according to panel data of all provinces in China from 1999 to 2005 [6] . Zhang Wen-yao studied the relationship between higher education and regional economic growth in China's less developed areas, taking the western region as an example [7] . Qu Jian-zhong calculated the coordination degree of Chinese higher education and economic growth using comprehensive system coordination degree evaluation model, and concluded that coordination condition between Chinese higher education and economic growth was extremely weak on the whole [8] .
In the process of research on the relationship between higher education and economic growth, the differences in selecting indicators, data, methods and regions led to diverse conclusions. On the basis of predecessors' research results, this paper analyzes coordination degree of higher education and economic growth in Heilongjiang Province quantitatively, in order to determine the coordination relationship between them and propose the relevant countermeasures and suggestions. Factor analysis method, a relatively classical model in ecological studies, is applied in it.
Indicator Selection and Standardization

Index system reflecting actual higher education situation
Choosing the index system reflecting higher education development should follow certain principles, mainly including purposiveness, connection, unity, comparability, science and credibility. In the process of establishing the index system, all indexes should be considered as a whole, paying attention to the names and meanings of each individual index at the same time. The index system is consisting of 13 indicators, shown in Table 1 below. The proportion of college students in undergraduate, middle school students and pupils 13 x R&D internal expenditure
Index system reflecting economic growth situation
The external performance of economic growth is the economy growth which can be observed and measured. This paper considers three aspects including the total economy, the third industry, and economic growth quality, combined with the basic characteristics of the socialist market economy in China, selecting 14 indicators to describe the situation of economic growth, shown in Table 2 . The selecting sample interval is from year 2000--2014 and the data are from "Heilongjiang Statistical Yearbook". SPSS statistical software is used for analyzing the data.
Standardization of index data
The units of index dimensions are not uniform. Some are in percentage and others are in hundreds or thousands. In statistical process, some indexes' attributes are also inconsistent, causing the inconvenience for counting and comparing. Therefore, each index i x should be standardized:
When the index i x is positive, the standardization formula is x and min x are the maximum and minimum value in this group.
Analysis of Coupling Coordination Degree between Higher Education and Economic Growth
In the calculation process, many indicators need to be integrated into a comprehensive one. To measure the coupling coordination degree between the higher education and economic growth, the real issue is regarded as a multi-index comprehensive evaluation. In order to get the proper weight 
Factor analysis --Determination of indicator weight
The principal component extraction method is used to extract the common factors. By calculating the corresponding eigenvalues and contribution ratios about higher education and economic growth, we get each factor score and comprehensive score for Heilongjiang Province:
Rotated factor expression of higher education: 
.
Rotated factor expression of economic growth: 
Put the original data standardization values into the formulas (1) -(4), calculate each factor score about higher education and economic growth in Heilongjiang Province, and combine each factor score with the following formula to calculate comprehensive score preparing for the final comprehensive evaluation. The comprehensive score calculation formula is . Using the above formula, calculate separately comprehensive scores about higher education factor and economic growth factor.
Measure of coordination degree
Coupling coordination state among different systems is mainly expressed by the coordination degree. It is a quantitative model which describes the coupling degree between higher education development level and economic growth level. Coordination degree formula is:
Select the pending weight number as 12
 
. C is coordination degree; k is regarded as adjustment coefficient, in general 25 k . At the same time, coordination degree has a disadvantage in the process of evaluating: it is difficult to reflect comprehensive development level of higher education and economic growth, producing measurement deviation. Therefore, the concept of coordinated development degree is introduced, denoted as D . It serves as a quantitative indicator to measure coordinated development degree between economic growth and higher education. Its specific formula is expressed as:
, D is the coordinated development degree; C represents coordination degree; T is comprehensive evaluation index of higher education and economic growth.
In general, the value of coordination degree C is (0, 1). The maximum represents the best coordination state, whereas the minimum represents the worst state. According to the value range of the coordinated development degree, the overall coordination development state of higher education and economic growth is divided into D categories. Comparing higher education index () fx with economic growth index () gy, it is divided into four coupling stages.
The coordinate degree calculation and results analyses
This paper selects the adjustment coefficient 2 k  . According to the above model, calculate separately the coordination degree and coordinated development degree of higher education and economic growth, and consult classification standard, in order to get coordinated development degree of higher education and economic growth in Heilongjiang Province from year 2000-2014. Specific evaluation results are shown in Table 3 . Table 3 shows that the coordination degrees of higher education and economic growth in Heilongjiang Province are more than 0.9 from year 2000-2014 and indicates mutual influence degree between the two is very high. It also shows in Table 3 that coordinated development degree presents a rising trend, increased from 0.763 to 0.975, indicating coordinated development degree between higher education and economic growth in Heilongjiang Province is getting stronger and has reached a higher level. Furthermore, the speed of higher education development is lower than the speed of economic growth from year 2000-2014.
Countermeasure on the Coordinated Development of Higher Education and Economy
Increase Investment in Higher Education
In order to solve the problem of insufficient investment in higher education in Heilongjiang Province, more practical measures should be taken, such as:
(1) Increase government's investment in higher education and reasonably allocate fund.
(2) Source of investment must be diversified. Improve supply system of higher education investment further and broaden fund source channels; reform the investment allocation mechanism of colleges and universities, and gradually establish fund system; establish a supporting mechanism for higher education investment system. High level of coordination, development of higher education lags behind, within the scope of the economic carrying capacity (3) Encourage the form diversification of operating education. Support the development of private higher education; take full advantage of teachers and teaching equipment of public colleges and universities, integrate the management means of both public and private universities; learn from each other and promote mutual development.
(4) Ensure the independent management of colleges and universities. Establish the education dominant position of higher school; improve the original internal management mechanism in colleges and universities and solve the problem of larger proportion of non-teaching staff.
At the same time, investment and resources should be optimized: (1) Higher education investment optimization. The existing funds sources for colleges and universities in Heilongjiang Province are mostly short to medium term loans, while infrastructure projects are long-term, so it is difficult to repay the loans in the short term, and then affect the liquidity of the banking capital and increase bank's burden. Thus, the investment patterns should be optimized, including investment sources diversification, appropriate investment scale, investment structure rationalization, scientific management and efficient use.
(2) Higher education investment rationalization. In the process of market operation, increase the investment intensity of higher education; make appropriate local policies and regulations to promote investment diversification; perfect government's funding mechanism and improve allocation efficiency; optimize education investment structure and adapt to social talents demand structure; deepen education system reform, and enhance teaching efficiency.
Ensuring the Continuous Improvement of the Teaching Quality of Higher Education
Establish supporting teaching quality assurance system and constantly improve the quality of teaching, in order to make the talents educated adapt to the need of economic growth:
(1) Establish teaching quality assessment system. On the inside, to meet the needs of teaching management, the one-vote negation system of the teaching accident should be implemented. On the outside, the system helps evaluate students' employment ability and check the teaching quality.
(2) Establish quality supervision mechanism. Establish quality assessment organization, determine quality assurance objectives, make quality assurance plan and conduct assessment.
(3) Constantly improve the construction of teaching staff. Cultivate teachers' ideological and moral quality, scientific and cultural knowledge, physical and psychological quality and improve teachers' teaching ability and scientific research ability by a variety of ways.
Conclusion
Using coordination degree analysis method popular in ecology, this paper studies the coordination degree between higher education and economic growth in Heilongjiang Province in 2000-2014 and gets the following results: the coupling coordination state between higher education and economic growth presents a good growing trend. Both of them cooperate and coordinate with each other, while the development of higher education still lags behind the economic growth, which results from higher education investment shortage, unreasonable asset management and teaching quality decline. Therefore, the countermeasures and suggestions are given for the coordinated development between higher education and economy in Heilongjiang Province.
